ABSTRACT Flying ad hoc networks (FANETs) have dynamic topology because of the mobile unmanned aerial vehicles (UAVs). The limited battery resource and mobility of UAVs cause unstable routing in the FANET. In this paper, we try to minimize this issue with the help of an efficient clustering scheme. We propose a bio-inspired clustering scheme for FANETs (BICSF), which uses the hybrid mechanism of glowworm swarm optimization (GSO) and krill herd (KH). The proposed scheme uses energy aware cluster formation and cluster head election on the basis of the GSO algorithm. Furthermore, we propose an efficient cluster management algorithm using the behavioral study of KH. We also use genetic operators such as mutation and crossover for the optimal position of the UAV. For route selection, we propose a path detection function based on the weighted residual energy, number of neighbors, and distance between the UAVs for efficient communication. The performance of BICSF is evaluated in terms of cluster building time, energy consumption, cluster lifetime, and the probability of delivery success with grey wolf optimization and ant colony optimization-based clustering algorithms.
overhead which results in delays. Ultimately this reduces the network throughput and wastes the limited battery resource of UAVs. The solution to this limited resource problem is clustering [15] . Clustering, a type of routing and effective way of data transmission between UAVs in a network, can improve overall network performance by increasing the scalability, reducing the communication overhead and maximizing the throughput [16] . In clustering, the whole network is divided into small groups known as clusters. A cluster comprises of cluster head (CH) and cluster members (CMs). A CH is elected among all the members in the cluster and it controls the performance of cluster by managing it in an efficient and effective way. Thus, CH selection is one of the important tasks of clustering and each CM can be candidate for CH selection.
In clustering algorithms, the main focus by researchers is the topology design [17] . In designing of a cluster algorithm, it is important to handle following main factors: optimal CH selection, network topology management, how to reduce energy consumption at every CM and how to improve network performance in case of mobility. The cluster formation and CH election is an important process in effectively maintaining the topology of a cluster. Subsequent change in relative position of CMs, can alter the entire cluster topology. The rapidly changing topology in FANETs makes the cluster formation and management a difficult task and drains the UAVs' energy resource. There is a need to develop efficient cluster formation and CH election mechanisms for better management of rapidly changing topology and effective use of energy resource. Among others, the cluster lifetime is a parameter which is used to evaluate performance of any clustering algorithm. The greater lifetime means, lesser the cluster maintenance overhead and more efficient the algorithm is.
In ad-hoc approach there is no central control which results in increasing complexity in configuration and management. There is a need to design such networking algorithms that have self-organizing capabilities such as selfconfiguring, self-healing, self-optimization and adaptive to the environment [18] , [19] .
Another word bio-inspired is being widely used but both self-organization and bio-inspired have a clear difference.
The only examples to self-organization is being observed in nature and finding their roots in biological mechanisms is named as bio-inspired [20] . Bio-inspired mechanisms such as Ant Colony Optimization (ACO) [21] , Particle Swarm Optimization (PSO) [22] and Grey Wolf Optimization (GWO) [23] have been proposed for clustering in ad-hoc networks.
In [24] , Maistrenko and Alexey proposed a routing algorithm based on ACO for optimal route between UAVs in FANET. ACO utilizes the behavioral study of ants for finding optimal path to the food. The forward ants move towards the food leave pheromones in their path. The backward ants follow that route with the highest value of pheromones for the optimal route to the destination ( figure 1 (a) ). Al-Aboody and Al-Raweshidy [25] proposed a multi-level hybrid clustering algorithm based on GWO for probabilistic selection of CH in level two of the network. GWO uses the social hierarchy ( figure 1 (b) ) and hunting behavior of the grey wolves. Wolves are categorized into 4 types, where alpha (α) wolves are on the top societal hierarchy and have the responsibility of making decisions for hunting. Beta (β) wolves act as α wolves' advisors and in their absence β wolves take the responsibility. Delta (δ) wolves are the devotees and the last ones to eat. The rest of the wolves are the omega (ω) wolves which have the responsibility of safeguarding the boundaries and alerting rest of the wolves in any emergency. But due to the high computation involve in these algorithm, both ACO and GWO based clustering algorithms are inefficient resulting in high energy consumption and low cluster lifetime.
Keeping in mind the above mentioned limitations, there is a need of better self-organization based scheme which can be energy efficient and have better cluster lifetime.
B. OUR CONTRIBUTIONS
Considering the constraints of FANET, our main focus is to minimize the current challenges of topology management for efficient communication in FANET. The main contributions of this paper are as follows: 1) In this paper, we propose bio-inspired clustering scheme for FANET (BICSF). Our BICSF consists of three phases: Energy aware Cluster formation, UAV motion aware cluster management and cluster maintenance. 2) We propose Glowworm Swarm Optimization (GSO) inspired cluster formation on the basis residual energy and luciferin level of the UAV. The UAV having the highest fitness value will be elected as CH and rest of the UAVs become its member. VOLUME 7, 2019 3) For better network management, we propose Krill Herd (KH) inspired cluster management mechanism. We also use genetic operators like mutation and crossover for optimal position of the UAV. 4) For cluster communication, we propose the solution for route selection which is based on the optimal path detection which is calculated by path detection function. 5) In the cluster maintenance, we propose a solution for the efficient maintenance by monitoring the energy level of UAVs in a cluster. 6) To verify the performance efficiency of our propose scheme, we analyze our scheme with other bio-inspired algorithms such as Grey Wolf Optimization (GWO) and Ant Colony Optimization (ACO). The rest of paper is organized as follows; related work on clustering is presented in Section II. Section III explains our proposed scheme BICSF which comprises of Energy aware Cluster formation, UAV motion aware cluster management and cluster maintenance. Section IV evaluates the performance of our proposed BICSF and Section V concludes our paper.
II. RELATED WORK
Like Mobile ad-hoc Network (MANET) and Vehicular ad-hoc Network (VANET), FANET is also a branch of ad-hoc networks but with higher mobility and more rapidly changing topology. There are several clustering techniques for wireless ad-hoc networks in the literature. In [26] , Hussein et al. proposed flexible weighted clustering algorithm which is based on battery power. The basic goal of this algorithm is to prevent nodes having low battery power to be elected as CH. Another method proposed by Kaur and Singh [27] is strength based energy efficient algorithm, where a node with highest energy level is elected as CH. The main goal of this algorithm is to handle the CH election on the basis energy and signal levels.
Gavalas et al. [28] proposed a clustering algorithm in which during clustering stage node IDs are assigned to every node based on weighted value of mobility and power consumption. A node having lowest ID is elected as a CH which controls the topology information and communication between nodes. Every node broadcast its ID by transmitting HELLO message to its neighboring nodes. Each node upon reception of Hello message from its neighbors, compares its ID with the other neighborhood nodes. If the node has the lowest ID among its neighboring nodes, it is elected as a CH. However frequent exchange of control messages can exhaust node's power and slow down the efficiency of CH. Ni et al. [29] proposed a mobility prediction based clustering algorithm by using estimation of speed of nodes relative to each other. Every node compiles the average relative speed of the neighboring nodes by exchanging Hello packets with each other. The node having lowest relative mobility is selected as a CH and other nodes become the cluster members. However the high mobility of nodes decreases the lifetime of CH. Aftab et al. [17] proposed a self-organization based clustering scheme using zone based group mobility. The algorithm uses the bio-inspired behavioral study of bird flocking for cluster formation and maintenance. Every node in the CH zone calculates the residual energy of other nodes and node having the highest residual energy is elected as a CH.
Zafar and Khan [30] proposed multi-cluster based technique for FANET. In this approach every UAV's information messages are exchanged with the neighboring UAVs. The cluster formation is based on zone IDs of the UAVs. Every UAV in a cluster maintains a link quality table containing distance, SNR and delays to the neighboring UAVs. That UAV is elected as CH which has the best link quality value. Shi and Luo [31] proposed a mechanism of cluster based location aided dynamic source routing (CBLADSR), where CH is elected based on the energy level, relative velocity and degree of connectivity. That UAV is elected as a CH which has higher energy level, low relative speed and a large number of neighbor nodes. Every UAV in a cluster maintains a neighbor table. In [32] , mobility prediction clustering algorithm (MPCA) was proposed by Zang et al. for UAVs network. Link expiration time (LET) between two UAVs, is calculated by adopting GPS information. LET is used to build trie-structure which refers to the lasting neighbor set of a UAV. The UAV having highest value of lasting neighbor set is elected as CH. MPCA is not efficient in energy consumption and it incurs more overhead in case of network maintenance. Table 1 and 2 depicts the performance of ACO [24] and GWO [25] with respect to cluster lifetime and energy consumption. As the number of UAVs increases, the cluster lifetime decreases due to the fact that clustering algorithm has to be executed more frequently because of the changing topology repeatedly. This also increases the energy consumption of the network. It can be seen ACO performs better as compared to GWO because GWO takes more time to converge for the optimal solution. This is illustrated in the figure 2 (a) and (b).
These algorithms are not energy efficient pertaining the resource constraints of UAVs in FANET. They incur more overheads and have higher clustering time. The changing topology of limited resourced UAVs need efficient cluster head selection and cluster formation mechanism for effective and efficient communication in FANET. The advantages of our proposed BICSF haves three fold: energy aware cluster formation, UAV motion aware cluster management and efficient cluster maintenance.
III. PROPOSED SCHEME
To improve network efficiency of FANET, we proposed a Bio-Inspired Clustering Scheme for FANETs (BICSF) which is a hybrid mechanism of GSO and KH. There are three phases in BICSF (figure 3): Energy Aware Cluster Formation phase, UAV Motion Aware Cluster Management Phase and Cluster Maintenance Phase. Selection of CH in BICSF is performed by using GSO algorithm [33] and cluster management is achieved by using KH algorithm [34] . In the cluster formation phase the glowworm updates its luciferin value according to the movement. Then the fitness value is evaluated on the basis of residual energy and luciferin level, UAV with the highest fitness value among other UAVs will be elected as CH and rest of the UAVs become CH. The cluster management is done by performing the motion calculation, applying genetic operators and then updating the position of each UAV in the topology table. The Working mechanism of BICSF is shown in figure 4 . BICSF has an ability to provide better efficiency with selfoptimization and adaptability according to the environmental changes and mobility.
A. ENERGY AWARE CLUSTER FORMATION PHASE
Cluster formation phase is based on GSO algorithm as depicted in figure 5 . GSO algorithm is used in many research fields for optimization. The main reason to utilize GSO algorithm for CH selection is that we can evaluate the status of each UAV by using the Luciferin level and position of UAV. According to GSO algorithm, the current status of a glowworm can be found out by evaluating luciferin level, distance of glowworm from each other and neighborhood range [33] . For FANET, we calculate the fitness value which is based on luciferin level and residual energy level of the UAV. Fitness value is calculated using equation 1 and 5, and all UAVs are ranked according to their fitness value for optimal CH selection. The UAV with the highest fitness value among all other UAVs is elected as a CH which is explained by Algorithm 1.
The Luciferin value can be calculated and updated by:
where for every glowworm i, L i (t − 1) is the previous luciferin value of glowworm i, the luciferin decay constant VOLUME 7, 2019 FIGURE 5. BICSF cluster formation mechanism.
is given by ρ (ρ ∈ (0, 1)), γ represents the luciferin enhancement fraction, F(p i (t) is the objective function of glowworm i at current position of glowworm (p i ).
After that each glowworm i explores its neighboring region to check for the neighbors with highest luciferin value by:
where z is the glowworm closest to glowworm i, N i (t) is the set of neighboring glowworm. Distance iz represents the Euclidean distance between the glowworm, rd i (t) is the local decision range of glowworm i and L z (t) and L i (t) represent luciferin levels of glowworm z and i respectively.
The position of glowworm is adjusted based on the position of neighbor glowworm and is calculated by:
The decision range rd i (t) is calculated by the following equation:
where rd i (t − 1) is the previous rd i , r s is the radial sensor range constant, β is the model constant. The residual energy of the UAV can be calculated as: 
Steps (1)-(10):
In this algorithm, we consider that a UAV transmits a Hello message cluster formation message along with its fitness value. Fitness value is calculated based on the luciferin level and residual energy level by using equation 1 and 5. When a UAV receives the Hello message, it compares the received fitness value with its own. The UAV constructs the Neighbor Table with UAV entries and sort the  table according to the highest fitness value. It updates the  Neighbor Table with every new Hello message. When the entries are greater or equal to 3, the UAV checks the fitness value of every UAV from the Neighbor Table. If the UAV has the highest fitness value, it transmits Cluster Formation message and declares itself a CH. If the fitness value of the UAV is lower, it transmits Cluster Formation message and recognizes the UAV with the highest fitness value as a CH.
B. UAV MOTION AWARE CLUSTER MANAGEMENT PHASE
Cluster management is performed using KH algorithm as shown in figure 6 . The motion of each krill (Cluster member) is influenced by the motion of CH. For effective cluster management, it is necessary for cluster members to follow the speed of CH. By using KH algorithm rules [34] of induced and foraging motion along with physical diffusion, each krill find motion solution based on the knowledge of present and past location of CH and their own motion. By applying crossover and mutation operation each krill update its Steps (1)- (6): This Algorithm is used for cluster topology management. Every UAV sends its position to the other UAVs as a Topology configuration message. The CH receives the CH topology configuration message and calculate the motion of the UAV by equations 6 to 9. Then it Apply genetic operators crossover and mutations by using equations 10 to 13. The CH updates the UAV position in cluster topology table and transmit it to other UAVs in a cluster.
1) PATH DETECTION FUNCTION
For efficient route selection, we used path detection function based on the weighted residual energy, number of neighbors and distance between the UAVs. A UAV receives the residual energy, number of neighboring UAVs and Distance from other UAVs. Based on these values, the path detection function is calculated as:
where
Residual Energy is the residual energy level of the UAV, N i is the number of neighboring UAVs and Distance represents the distance between the UAVs. w 1 , w 2 and w 3 are the weights for residual energy, number of neighboring UAV and distance between the UAVs respectively. An optimal path detection for routing will increase the cluster lifetime and ultimately will save the energy in FANET.
2) UAV COMMUNICATION
After the cluster formation, the UAVs start communicating with each other and send the data to the CH. CH has the responsibility of transmitting the data to the destination which is either in same cluster or cross the other cluster. In BICSF, all UAVs in a cluster follow the motion of CH and align themselves on the basis of Algorithm 2. For efficient route selection every UAV calculates the path detection function by using equation 14 and transmits the information using the optimal path resulting in saving the network energy. The communication process is depicted in figure 7.
C. CLUSTER MAINTENANCE PHASE
In the cluster maintenance phase a CH will define a threshold energy level for UAV to be a member of that cluster. A member UAV whose energy level is equal or greater than the threshold residual energy level will continue to be the member of CH, UAV with residual energy level less than the threshold level will be declared as a dead node and no longer be a member of cluster as explained by the figure 8. First the residual energy level of every cluster member is calculated by equation 5. If the residual energy is less than the threshold value, the UAV is declared as a dead node and the CH will then update the cluster topology table and transmit it to the other member UAVs. If the residual energy is greater or equal to the threshold energy then it evaluates the connectivity of cluster members based on the neighborhood range by using equation 4 . If the cluster member is in the neighborhood range then all the UAVs are stable. Otherwise it declares that UAV to be dead and transmits the updated cluster topology table to the other member UAVs. In this way the CH maintains the cluster for efficient communication.
IV. PERFORMANCE EVALUATION
In this section, we have the performance evaluation of our proposed BICSF compared with ACO [24] and GWO [25] based clustering algorithms. The metrics considered in our evaluation are: cluster building time, network energy consumption, Cluster life time and probability of delivery success. The simulations are done in MATLAB by considering different area and UAV setup. Rest of the parameters are given in the table 4.
A. CLUSTER BUILDING TIME
Cluster Building is the time taken by the algorithm to perform clustering. The typical working of clustering algorithms is that they take nodes with their corresponding fitness value as input and outputs the election of CH and associate member nodes. The time taken by algorithm from taking inputs to producing outputs is known as the cluster building time which represents the computational complexity of that algorithm. As UAVs have low computational power and memory so higher cluster building time will affect the performance of the UAV. It also increases the energy consumption which results in reducing the lifetime of UAVs. The increase in number of UAVs in a network will also increase the cluster building time as shown in the figures 9 and 10. Our proposed BICSF performs better than ACO and GWO because unlike ACO and GWO which start with multiple solutions and iteratively converge towards the optimal solution, our BICSF converges quickly towards the optimal solution. In GWO, it needs to compute multiple leaders while in ACO multiple ants are considered which result in more time as compared to our proposed BICSF. This shorter cluster building time reduces the delay for route selection resulting in saving the energy of the UAVs during complex computations.
B. TOTAL ENERGY CONSUMPTION
Energy is the vital resource of UAVs. The scarce energy resource puts a lot of limitations on the wide applications of the UAVs. There are three main mechanisms in UAVs that dissipate energy, namely; the energy needed to fly UAV, different sensors mounted on the UAV also consume energy and energy consumed by the UAV for communication with other UAV which is the major source of energy consumption. The total energy consumed in communication is given by the equations [36] .
where E TRC is the energy dissipated while running transmitter and receiver. E A is the energy for amplifier. k represents the bits transmitted between UAVs and D represents distance between transmitting and receiving UAVs. We calculated the total energy consumption of the FANET using BICSF, GWO and ACO for the time of 120s. Figures 11 and 12 show that the energy consumption increases with the increase in number of UAVs in a FANET. From the figures it is clear that our proposed BICSF performs better than the other two clustering techniques. Lower energy consumption of our proposed BICSF is because of the energy aware CH election and cluster management.
C. CLUSTER LIFETIME
Cluster life time is the time for which the cluster is formed to the cluster disposition. When the clustering algorithm executes, the fittest UAV is elected for the CH role to take the responsibility of managing the cluster. The values of UAV decrease over time and when it falls below the threshold value, the CH election takes place again. Shorter the cluster lifetime means the clustering algorithm has to be executed more frequently which results in the increase in communication as well as computational overheads in the network. Figure 13 and 14 show that our BICSF algorithm performs better than GWO and ACO. It can also be seen from the figures 13 and 14, as the number of UAVs increase, the cluster life time decreases. This is due to the fact that as there are more members in a cluster, it causes the topology to change more frequently.
D. PROBABILITY OF DELIVERY SUCCESS
Probability of delivery success is the possibility of successfully delivering the packet at all intermediate nodes based on the average number of hops per packet. It is depicted from the figure 15 that the increase in number of UAVs also increases the network density and hence the probability of delivery success increases as with the increased number of UAVs the packet drop ratio decreases.
V. CONCLUSION
In this paper, we proposed the BICSF technique. The main limitations of mobile UAVs in FANET are the scare battery resource and changing topology. We optimized the topology and save UAV's energy resource by means of energy aware Cluster formation and cluster head election on the basis of luciferin levels and residual energy levels of UAVs. Further we propose efficient cluster management algorithm using motion of UAVs to align themselves with the CH in a cluster. For optimal route selection genetic operators (mutation and crossover) are introduce which result in reducing energy consumption and efficient communication. The results of our proposed BICSF are compared with ACO and GWO clustering algorithms. The results shows our BICSF have better results as compared with the other bio-inspired clustering algorithms in terms of cluster building time, energy consumption, cluster lifetime and probability of delivery success.
